Summary We examined the association between self-reported occupational and recreational physical activity and the subsequent risk of colorectal cancer in a population-based cohort in Norway. During a mean follow-up time of 16.3 years for males and 15.5 years for females, 236 and 99 colon cancers and 170 and 58 rectal cancers were observed in males and females, respectively, among 53 242 males and 28 274 females who attended the screening between 1972 and 1978. Physical activity at a level equivalent to walking or bicycling for at least four hours a week during leisure-time was associated with decreased risk of colon cancer among females when compared with the sedentary group (RR=0.62, 95% CI 0.40-0.97). Reduced risk of colon cancer was particularly marked in the proximal colon (RR=0.51, 95% CI 0.28-0.93). This effect was not observed for occupational physical activity alone, probably due to a narrow range of self-reported physical activity at work among females. However, by combining occupational and recreational physical activity we observed an inverse dose-response effect as increasing total activity significantly reduced colon cancer risk (P for trend=0.04). Among males 45 years or older at entry to the study, an inverse dose-response effect was observed between total physical activity and colon cancer risk (P for trend = 0.04). We also found in males a stronger preventive effect for physical activity in the proximal as compared to distal colon. In addition, we found a borderline significant decrease in colon cancer risk for occupational physical activity in males 45 years or older when compared to the sedentary group (RR = 0.74, 95% CI 0.53-1.04). All results were adjusted for age, body mass index, serum cholesterol and geographic region. No association between physical activity and rectal cancer was observed in males or females. The protective effect of physical activity on colon cancer risk is discussed in regard to energy balance, dietary factors, age, social class, body mass index and gastrointestinal transit time.
Cancer of the large intestine is one of the most common neoplasms in western countries (Muir et al., 1987; Engeland et al., 1993) . Recently, the role of exercise in the aetiology of colon carcinogenesis has drawn particular interest. A growing number of epidemiological studies have reported a protective effect of occupational physical activity on colon cancer risk (Garabrant et al., 1984; Gerhardsson et al., 1986; Brownson et al., 1989; Peters et al., 1989; Arbman et al., 1993; Chow et al., 1993; Fraser and Pearce, 1993) . Others have observed that recreational physical activity protects against colon cancer (Wu et al., 1987; Slattery et al., 1988; Gerhardsson et al., 1988; Severson et al., 1989; Ballard-Barbash et al., 1990; Lee et al., 1991; Markowitz et al., 1992; Giovannuci et al., 1995) . In contrast, the association between physical activity and risk of rectal cancer is more inconsistent (Vena et al., 1985; Gerhardsson et al., 1986; Fraser and Pearce, 1993) .
However, few studies have analysed the association between physical activity and colon cancer risk in females or have taken gender differences, age and subsites into consideration. In addition, patients with proximal colon cancer are older than patients with distal colon and rectal cancer, and women make up a higher percentage of patients with cancer in the proximal colon (M0ller Jensen, 1984; Halvorsen, 1986; Fleshner et al., 1989) . Furthermore, physiological differences in the proximal and the distal colon may reflect different susceptibility to neoplastic transformation (Bufill, 1990; Dubrow et al., 1993) .
We therefore investigated the association between selfreported physical activity both during leisure and work and the subsequent risk of colorectal cancer in a populationbased, prospective study among both sexes. We further examined whether physical activity had a different effect according to age-, gender-and site-specific colorectal cancer risk.
Material and methods
Between 1972 and 1978, 104 485 males and females from five geographical areas in Norway -Oslo, Oppland, Sogn and Fjordane, Troms0 and Finnmark-were invited to participate in a population-based health survey of risk factors for cardiovascular disease. In Troms0, all men aged 20-49 years were invited, while in Oslo men aged 40-49 were invited plus a 7% random sample of men aged 20-39. In the three counties of Oppland, Sogn and Fjordane and Finnmark all men and women aged 35-49 and a 10% random sample of persons aged 20-34 years were invited. In four small municipalities in Finnmark all men and women aged 20-34 were invited: a total of 104 485, of whom 53 622 males (73.5%) and 28 621 females (90.7%) attended the screening.
The screening procedures were similar in the five areas. Each person was invited by mail, with a covering letter and one-page questionnaire enclosed. The participants were asked to answer the questionnaire at home and bring it to the clinical examination. The clinical examination consisted of checking the questionnaire for inconsistency, measurements of weight, height and blood pressure, and the collection of blood samples. Heart rate and other measures of physical fitness were not assessed.
The questionnaire covered the following; physical activity (PhA) during recreational (R) and occupational (0) hours in the last year; history of chronic diseases especially cardiovascular symptoms and diseases, smoking habits and stress in daily life.
Self-reported physical activity categories during recreational hours were graded from 1 to 4 according to which of the following categories best described the participant's usual level of physical activity: RI = reading, watching TV or other sedentary activities; R2 = walking, bicycling or physical activities for at least four hours a week; R3 = exercise to keep fit, participating in recreational athletics etc. for at least four hours a week; R4 = regular hard training or participation in competitive sports several times a week.
Self-reported physical activity during occupational hours Cox's proportional hazards regression techniques were used to analyse the simultaneous effects of physical activity and possible confounders on colon and rectal cancer incidence in the cohort. In these analyses, the categories R3 and R4 of recreational physical activity were merged due to small numbers in category R4 (males, n=316; females, n=62). Observation years at risk of developing colon or rectal cancer were calculated as the number of years from 1 year after study entry until the time of withdrawal (year of diagnosis of cancer, time of death or end of follow-up in December 1991, which ever was earliest). In the sex-specific analyses, we adjusted for attained age (continuous variable), geographical regions and obesity at time of measurements. As a measure of obesity, we used the body mass index (BMI) (weight height-2).
To study the influence of total physical activity on colon cancer risk, occupational (0) and recreational (R) physical activity were combined. As a reference group (RI/Ol + 02), we used sedentary leisure (RI) and both sedentary (01) and moderate (02) activities at work in order to increase the number of persons in the reference group. We examined models stratified by age at entry (<45 years, > 45 years) and BMI (median split and tertiles) to analyse if there was any effect modification by age and BMI. Other cutoff points for age were considered without extended information. These analyses were performed with the Proc Physical activity and colorectal cancer
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Results
A total of 236 colon and 170 rectal cancers among males and 99 colon and 58 rectal cancers among females were diagnosed in the study population during a mean follow-up time of 16.3 years and 15.5 years in males and females respectively. Median age at diagnosis for colon cancer was 58.1 years in males and 54.6 years in females. For rectal cancer the median age at diagnosis was 57.3 years and 55.4 years in males and females respectively. Of all cases of colorectal cancer, cases of proximal colon cancer were less frequent among males (23.4%) than among females (30.5%), whereas the proportion of distal colon cancer was reversed between the two sexes (31.8% vs 28.7%).
The grade of physical activity was differently distributed in males and females. Two-thirds of the females and 76% of the housewives reported frequent walking (02) during occupational hours in contrast to only one-quarter among males (Table I) . Fewer females than males reported sedentary work (01). Gender differences were also observed during leisure time as only 10% of females reported regular training (R3 + R4) in contrast to 25.4% of males.
Age at entry was a significant risk factor in univariate analyses for both colon and rectal cancer in both sexes (Table  II) . A positive association was observed between body mass index (BMI) and colon cancer risk in males, but not in females. None of the variables in Table II significantly deviated from linearity when a second-order term was introduced (results not shown).
Total physical activity (occupational and recreational combined) showed an overall negative dose-response relationship with colon cancer risk among females (P for trend = 0.04), but not in males (Table III) .
We analysed colon cancer risk in relation to a possible age effect of total physical activity by dividing the sex-specific cohort into those younger and older than 45 years at studyentry. Among males 45 years or older at study entry (median age at diagnosis=60.0 years), we observed a negative doseresponse relationship between total physical activity and colon cancer risk (P for trend = 0.04), which was not observed among males younger than 45 years at study entry (median age at diagnosis = 52.1 years) (Table IV) . In addition, a borderline significant reduction on total colon cancer risk was observed among occupationally physically active males (02, 03, 04) 45 years or older at study entry compared with the sedentary ones (RR = 0.74, 95% CI 0.53-1.04) (results not shown in Table IV) . No similar age effect was observed in females. When occupational activity was examined separately, each sex showed a consistent negative adjusted reduced risk for colon cancer in the active groups compared with the sedentary group, but in neither case was this significant (Table V) . Recreational activity showed no consistent reduced trend in either sex, but females with moderate recreational physical activity (R2) had an almost 40% significant reduction in the risk of total colon cancer (RR=0.62, 95% CI 0.40-0.97). No consistent associations were observed between total physical activity, occupational or recreational physical activity and risk of rectal cancer in males or females (Table III and V) .
When taking subsite into consideration, we performed sitespecific analyses of the relationship between total physical activity and proximal and distal colon cancer. A negative trend for both proximal (P for trend = 0.10) and distal cancers (P for trend= 0.15) was observed in females, though this was not significant (Table III) . A negative trend was observed only for proximal cancers in males older than 45 years at entry (P for trend= 0.08) (results not presented in Table) . Further the reduction of colon cancer risk among the recreational physically active females was particularly marked in the proximal colon (RR=0.51, 95% CI 0.28-0.93) (Table VI) . No corresponding subsite differences were observed in males when taking only recreational activity into consideration.
Further, we examined models stratified by BMI (median split) to analyse if there was any effect modification related to body weight (Table VI) The accuracy of the self-reported physical activity questions used in the present analysis has been validated in several studies (Wilhelmsen et al., 1976; Bjartveit et al., 1981; Holme et al., 1981; L0chen and Rasmussen 1992) . L0chen and Rasmussen (1992) demonstrated that physical fitness among males increased with physical activity in leisure time. However, there are some limitations in using a single brief questionnaire reporting physical activity during one year without repeated assessments of physical activity and measurements of energy expenditure or dietary information. The large proportion (70%) of housewives in our cohort may have limited our ability to detect any effect of occupational activity on colon cancer risk among females. A greater variability in physical activity during leisure time rather than at work may in part explain why leisure time activity in females significantly reduced risk of colon cancer and occupational activity did not. In addition, the participants had to choose between only four occupational categories and four recreational levels of physical activity and we may therefore have underestimated the strength of physical activity for those most active.
The present findings support and extend previous results showing that physical activity is inversely related to colon cancer risk in humans (Garabrant et al., 1984; Gerhardsson et al., 1986; Brownson et al., 1989; Peters et al., 1989; Arbman et al., 1993; Chow et al., 1993; Fraser and Pearce, 1993; Wu et al., 1987; Slattery et al., 1988; Gerhardsson et al., 1988; Severson et al., 1989; Ballard-Barbash et al., 1990; Lee et al., 1991; Markowitz et al., 1992; Giovannuci et al., 1995) and animals (Andrianpopulos et al., 1987; Reddy et al., 1988 (Ballard-Barbash et al., 1990) . In contrast, no such age effect was found among females in the present nor in the Framingham study. An interpretation may be a somewhat different age distribution at diagnosis in females relative to males (median age at diagnosis; males, 58.1 years; females 54.6 years). Power may also be greater for males owing to the much greater number of cancer cases compared with females in both studies, thus making any age effect easier to discover in males. Consequently, physical activity as a protective factor in colon cancer risk may be of greater importance among the elderly relative to younger subjects in whom the importance of genetic predisposition may be greater. Biological mechanisms related to an age effect from physical activity on colon cancer risk have been proposed to act through improvements of the immune system among physically active elderly subjects (Shepard and Shek, 1995) or that physical activity, acting over a longer period of time in older people, is particularly important (Lee et al., 1991) . In spite of no significant gender differences from physical activity on colon cancer risk observed in the present study, previous studies suggest sex differences as men and women show differences under controlled experimental conditions in gastrointestinal transit time, stool bulk and bile acid production (Stephen et al., 1986; Lampe et al., 1993) .
The inverse association between physical activity and colon cancer risk observed in the present study could be confounded. Physically active individuals may have had a diet with less saturated fat and more fibre than the inactive ones. Unfortunately, no dietary data were available for this analysis. However, other studies that examined dietary differences have concluded that physical activity and dietary factors are independent risk factors for colon cancer (Slattery et al., 1988; Peters et al., 1989; Gerhardsson de Verdier et al., 1990; Whittemore et al., 1990; Giovannucci et al., 1994) .
Holme et al. (1981) , partly examining the same male cohort as followed in the present study, observed that higher social classes dominated among males who reported sedentary work, while males who were sedentary at leisure time more often represent lower social classes. Therefore, the reference group used in total physical activity reflect both high and low social classes. Social class did not influence colon cancer risk in a comparable society (Suadicani et al., 1993) . It is less likely, therefore, that social class explains the observed association between total physical activity and colon cancer risk.
Another observation of interest was the protective effect Pi- cv-ad coorcti cancer I Thune and E Lund 1139 on proximal colon cancer incidence among physically leisuretime active females. This observation was in part also demonstrated in males 45 years or older at study entry with a particular reduction in proximal colon cancer incidence as a result of total physical activity. A possible explanation could be that exercise affects gut mobility more extensively in the proximal relative to distal colon. However, previous studies which have taken site-specific colon cancer risk into consideration have been inconsistent (Fraser and Pearce, 1993: Peters et al., 1989; Gerhardsson de Verdier et al., 1990; Vena et al.. 1985; Gerhardsson et al., 1986; Brownson et al., 1989) .
Our study suggests that body size may modify the effect of physical activity as we observed leaner active males and females to be at a decreased colon cancer risk compared with obese subjects. This agrees with previous reports (Albanes et al., 1989; Ballard-Barbash et al., 1990 : Giovannucci et al., 1995 . Body mass index (BMI) as a significant risk factor for colon cancer among males is consistent with previous studies (Marchand et al.. 1992; Ballard-Barbash et al.. 1990 ). The results have been more inconsistent in females (Albanes et al., 1989; Ballard-Barbash et al., 1990; Whittemore et al., 1990) . However, no direct mechanism has been suggested for the colon cancer-obesity association, but the association may indirectly be an effect of both diet and physical activity.
Several potential biological mechanisms may contribute to an observed protective effect of physical activity on colon cancer risk, including constipation which is often improved by physical activity. Walking (Holdstock et al.. 1970) . running (Cordain et al., 1986 ) and strength training (Koffier et al., 1992) , have generally been found to reduce GI transit times although not in one study (Bingham and Cummings, 1989) . Contact between the colon mucosa and potential carcinogens in the faecal stream may be decreased by exercise because of shortened transit time. The fact that physical activity does not seem to lower the risk of rectal cancer accords with this 'transit time theory' as the rectum is only intermittently filled with faeces and colon peristalsis has less influence on the faecal transit time in the rectum. A decrease in the ratio of secondary to primary bile acids has been observed in obese patients after treatment with subcaloric diet and graded physical activity (Kadyrova and Shakieva. 1986 ). This effect of physical activity may be of importance since a high excretion of bile acids may increase the risk of colon cancer. Exercise can also elevate the production of some prostaglandins that, in turn. may influence colon cancer risk (Demers et al., 1981) . Physical activity may also increase colonic bloodflow so that faecal mutagens are transported away from the mucous membrane.
In conclusion, our study supports a protective effect of total physical activity on colon cancer, but not rectal cancer. in both males and females. In males this protective effect of physical activity is of greatest importance among the elderly. The stronger protective effect of physical activity on proximal rather than distal colon cancer risk supports the assumption that physical activity affects gut mobility more extensively in the proximal relative to distal colon. Further studies are needed in which repeated measurements of duration and intensity of physical activity besides energy balance, dietary factors, age, subsites and gender differences are taken into account.
